ABSTRACT Mucociliary clearance depends on the interaction between cilia and mucus; it is delayed in the presence of purulent secretions. Nasal mucociliary clearance was examined by the saccharin method and nasal ciliary beat frequency by a photometric technique. Four groups were studied: normal controls, patients with bronchiectasis without nasal symptoms, patients with chronic mucopurulent sinusitis alone, and patients with chronic mucopurulent sinusitis and bronchiectasis. Nasal mucociliary clearance was prolonged in infected patients. Cilia obtained from the site of purulent secretions were found to beat more slowly in vitro (mucopurulent sinusitis 12.1 Hz, mucopurulent sinusitis and bronchiectasis 11.6Hz), than those obtained from normal controls (14.3 Hz) and from patients with bronchiectasis alone (13.6 Hz). The cause of the ciliary slowing seemed most likely to be the release of host factors during the inflammatory response, rather than the particular organism isolated. Ciliary slowing may contribute to the observed delay of mucociliary clearance in conditions in which purulent secretions are present.
Mucociliary clearance has been shown to be delayed in conditions in which purulent secretions are common: Lourengo et al' found slower clearance in bronchiectatic patients than in normal controls, Kollberg et al2 and Wood et al3 found delayed clearance in patients with cystic fibrosis, and Stanley et al found delayed clearance in mucopurulent sinusitis. 4 This delayed clearance is likely to be multifactorial. The mucociliary system depends on an interaction between cilia and mucus. The properties of mucus may change from low viscosity and high elastic recoil, which are ideal for mucociliary transport.5 Burgi6 showed that infected mucus has an increased viscosity that is mainly due to increased DNA fibre content. There may be loss ofciliated epithelium. Reimer et al7 studied biopsy specimens of maxillary sinus mucosa, with scanning electron microscopy, in patients with chronic mucopurulent sinusitis. Large areas of unciliated epithelium were seen.
The present study was designed to investigate the beating of cilia at sites of purulent infection.
Methods

PATIENTS
Four groups were studied. These comprised: 10 normal controls (five male and five female, aged 20-59 years) with no past history of nasal or pulmonary disease; 10 patients with chronic mucopurulent sinusitis (three male and seven female, aged years) but without any chest symptoms; 10 patients with bronchiectasis but no nasal symptoms (six male and four female, aged years); and 10 patients with bronchiectasis and mucopurulent sinusitis (five male, five female; aged 16 to 44). Mucopurulent sinusitis was diagnosed by history, examination, and the appearance of sinus radiographs. Bronchiectasis was diagnosed by history, examination, the appearance of chest radiographs, and additional bronchographic information in nine patients. Only patients with purulent anterior nasal secretions on rhinoscopy were included. Serum immunoglobulin deficiency was excluded in all patients. No patient or normal control had received antibiotics or gave a history of viral infection in the four weeks before the study.
MEASUREMENT OF NASAL MUCOCILIARY CLEARANCE AND CILIARY BEAT FREQUENCY Nasal mucociliary clearance was determined in an unobstructed nostril with the saccharin test.8 The time from placement of a 1 mm diameter particle of saccharin on the inferior nasal turbinate, 1 cm from its anterior end, to the subject's first experience of a sweet taste was recorded in minutes. The subject was positioned with head slightly forward and requested not to sniff, sneeze, cough, eat, or drink during the test. The test was terminated after 60 minutes and those subjects not tasting had their ability to taste 454 saccharin verified by placing a particle on the tongue. In vitro examination of ciliary beat frequency was performed by a photometric technique.9 -Cilia were obtained from the inferior turbinate of the same nostril without local anaesthesia by a brushing technique,9 the strips of ciliated epithelium being dislodged by brisk agitation of the cytology brush in 2 ml of medium 199 cell culture fluid (Flow laboratories). (14. 3) (p < 0.001), and in those with bronchiectasis with mucopurulent sinusitis (11.6) than in those with bronchiectasis alone (13.6) (p < 0.001). There was no significant difference between the mean ciliary beat frequency of normal controls and of patients with bronchiectasis alone. As only 10 subjects were studied, however, only a gross difference would have been detected in this study.
The bacteriological results are shown in table 1.
group eradicated in both cases. Ciliary beat frequency improved (p < 0.001), and in one case there was an improvement in nasal mucociliary clearance.
In the volunteer subjects, the mean of 10 nasal mucociliary clearance values was 15 (range 11-25) minutes, coefficient of variation 27%. The mean ciliary beat frequency for 10 separate nasal brushings (each itself a mean of 10 readings) was 14.2 (range 13.0-16.2) Hz, coefficient of variation 8%.
In the three patients with mucopurulent sinusitis who each had ciliary beat frequency measured on three successive days (table 3) there was no significant within patient variation in ciliary beat frequency. Over four hours the frequency did not change significantly in two patients, but it increased (p < 0.001) in one patient.
Discussion
Several authors have suggested that slowed ciliary beating may contribute to the delay observed in mucociliary clearance in the presence of purulent secretions. Rutland and Cole'3 examined the nasal ciliary beat frequency of 10 patients with bronchiectasis, and showed that the frequency was about 10% less than in normal controls. No attempt, however, was made in this study to correlate changes with the patients' symptoms, signs, or infecting organisms. Pedersen and Nielsen"4 performed a similar study in patients with cystic fibrosis, and found a greater reduction in ciliary beat frequency (to about 25% of the control value), although these specimens were examined at room temperature, not at 370 as in our study and that of Rutland and Cole,'3 making direct comparison between the studies difficult. Pedersen and Nielsen'4 also found that the ciliary beat frequency of patients improved after treatment with antibiotics aimed at eradication of Pseudomonas aeruginosa.
Smallman et al '5 showed that sputum sol phase, obtained from bronchiectatic sputum after rapid centrifugation, slowed the beating of normal human nasal cilia in vitro. This effect was neutralised by aI antitrypsin, suggesting that the effect was due to a serine protease, possibly elastase released from neutrophils during the inflammatory response.
Wilson et al'0 showed in a similar in vitro system that products of P aeruginosa and Haemophilus influenzae may slow and disorganise normal human nasal ciliary beating, although products of Staphylococcus aureus did not do so.
In this study we have confirmed the finding of Stanley et al4 that nasal mucociliary clearance is delayed in the presence of mucopurulent sinusitis. The ciliary beat frequency results would suggest that this is partly due to slowed ciliary beating. The contribution of other factors, however, such as change in mucus volume or flow characteristics and loss of ciliated epithelium, is suggested by an analysis of the nasal mucociliary clearance compared with the ciliary beat frequency within the two purulent secretion groups. In fifteen patients the nasal mucociliary clearance time was over 60 minutes, with a mean ciliary beat frequency of 11. The very low ciliary beat frequencies obtained in some patients raises the possibility of primary ciliary dyskinesia. Static cilia, however, were not observed; dyskinesia was observed only in the one patient with P aeruginosa, and the electron microscopic findings in three patients with a very slow ciliary beat frequency were not those associated with primary ciliary dyskinesia but were those found in the presence of infection."8 Treatment leading to improvement in symptoms and eradication of the infecting organism led to a significant improvement in ciliary beat frequency in two patients (table 2) .
In the patient with the lowest ciliary beat frequency (the only patient to show ciliary dyskinesia) P aeruginosa was isolated from the nasal swab and brushing culture. Wilson etal'0 have shown that products of this organism can slow and disorganise normal human ciliary beating in vitro. Eradication of the organism and clearing of symptoms and signs led to increase in ciliary beat frequency, return to a normal beating pattern and improvement of nasal mucociliary clearance. In two other patients from whom P aeruginosa was cultured, however, the frequency was not dramatically slowed (13.0 and 13.4Hz); thus if products of this organism are important in causing ciliary dyskinesia in vivo they are not produced by all strains.
Nasal mucociliary clearance was also significantly longer in patients with bronchiectasis without nasal symptoms or abnormality on rhinoscopy (mean 20min) than in normal controls (mean 12 min), although the ciliary beat frequency of these two groups did not differ. As only 10 patients were studied in each group this study would detect only gross 457 differences in beat frequency between groups. It would anyway seem likely that the previously reported slowing of ciliary beat frequency in bronchiectasis and cystic fibrosis is anyway likely to be a phenomenon secondary to the presence of purulent secretions, and not due to a primary ciliary defect.
We would conclude from this study that nasal cilia obtained from sites of purulent secretions beat more slowly in vitro. This may contribute to the observed delay of mucociliary clearance in conditions such as bronchiectasis and mucopurulent sinusitis in which purulent secretions are present.
